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Summary: Excretion of free noradrenaline, adrenaline and dopamine were studied in random urine samples from
221 children (123 boys and 98 girls). The group was subdivided according to age, from birth to 12 years. The
catecholamines were analysed by liquid chromatography with electrochemical detector using a 5 μπι C-18 Novapack
column at 32 °C. The values were expressed per kilogram of creatinine. A statistical analysis (non-paired t-test)
was carried out in order to defme the difFerent reference groups. Children under 2 years were found to have higher
noradrenaline excretion than other ages; children under 4 years had higher adrenaline excretion than other ages.
Children under 3 years had the highest dopamine excretion, followed by children between 3—6 years, while children
from 7 to 12 had the lowest excretion. Appropriate reference intervals were determined from the results.
Introduction
Neuroblastoma is the most common malignant tumour
of the sympathetic nervous System in children (1). Such
tumours are characterized by the production and in-
creased secretion of dopamine, noradrenaline and adre-
naline, and/or their acid metabolites vanillylmandelic
acid and homovanillic acid. The diagnosis of neuroblas-
toma is based on the quantification of these compounds
in urine. The great majority (75%) of these tumours ap-
pear in children under 3 years of age and only a few
(2%) occur in patients older than 7 years (2). Several
reference values for vanillylmandelic acid and homo-
vanillic acid in children have been published (3, 4).
However, only a few authors have reported reference
values for urinary noradrenaline, adrenaline and dopa-
mine. Data are sparse in particular for children under
five years. On the other band, s it is almost impossible
to collect 24-hour urine samples from children, es-
pecially from those under 3 years of age, an attractive
alternative is the use of single-void urine samples, relat-
ing excretion to urinary creatinine and expressing the
results per kilogram of creatinine.
The purpose of the present study is to-determine refer-
ence values for these compounds in Iheir free form, ex-
pressed per kilogram of creatinine, k children from birth
to 12 years.
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Materials and Methods
Sampling
Random urine samples were taken from 221 healthy children (123
boys and 98 girls). The children's parents, who belong to the hospi-
tal staff, gave informed consent for this study. The study was ap-
proved by the biochemistry laboratory. Children were stratified by
age, the youngest group covering the r nge from newborn to l
year. The children avoided exposure to any agents known to alter
catecholamine excretion (e. g. caffeinated beverages). We chose the
time of urine collection at random, at any time in the day, to com-
pensate the diurnal pattern of catecholamines and creatinine ex-
cretion.
Within less than 30 minutes, Ihe pH of the urine samples was ad-
justed to l —3 by addition of HC1 6 mol/1. Acidified samples were
then kept at -20 °C until analysis.
Analysis of catecholamines
Dopamine, noradrenaline and adrenaline were measured by liquid
chromatography s described (5). The System included a model
510 pump, a Wisp 712 automatic injector, a M460 electrochemical
detector, a 740 data module and an oven with temperature controK
all from Waters Chromatography Division, Millipore Co.
For the catecholamine Separation, the oxidation-reduction power of
the electrochemical detector was set at 600 mV. The flow rate of
the mobile phase (sodium acetate 50 mmol/1; citric acid 20 mmol/1;
l-octane-sodium sulphate 3.75 mmol/1; dibutylamine l mmol/1;
disodium EDTA 0.135 mmol/l in HPLC grade water containing 50
ml/l of methanol; final pH 4.3) was l ml/min. Separation was car-
ried out using a 5 μηι C-18 Novapack (Waters) colurnn at 32 °C.
10 ml Na2 EDTA 2.7 mmol/1 and 300 ng 3,4-dihydroxybenzyU
amine s internal Standard were added to 3 ml urine, and pH was
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adjustcd to 6.5 with NaOH 0.5 mol/1. Catecholamines were re-
tained in a Bio-Rex 70 ion exchange column (200 to 400 mesh,
Na"·") and afterwards washed with 15 ml of HPLC grade water. The
catecholamines were eluted with boric acid 0.65 mol/l. Sub-
sequently 8 μΐ of eluant was injected for quantification by HPLC.
The respective intra-assay coefficients of Variation for noradrena-
line, adrenaline and dopamine were 6.5%, 8.0% and 4,1%; the re-
spective inter-assay coefficients were 8.4%, 12.0% and 9.6%. The
percentage recovery of the catecholamines based on the recovery
of intemal Standard in the urine was 95-100%.
Creatinine determination
Creatinine was determined on a Hitachi 717 (Boehringer
Mannheim, Mannheim, Germany) autoanalyser employing the
modified Jaffe reaction.
Statistical evaluation
The mean value and Standard deviation were calculated for each
age group. The type of distribution was determined with the Kol-
mogorov-Smirnov test. In each age group, the values for cat-
echolamines were tested for significant sex diffefences, using the
non-paired t-test. In the absence of a significant sex-related differ-
ence males' and females were subsequently treated s a single
group. The non-paired t-test was also used to test for significant
differences between age groups, and all groups showing no signifi-
cant difference were combined.
Results
The mean value and Standard deviation of the three cate-
cholamines studied for each age group are shown in
table 1.
The results show no significant differences due to sex.
The Kolmogorov-Smirnov test showed a Gaussi&n distri-
bution, in agreement with Parra et al. (6) and Reed et
al. (7) but not with Fitzgibbon et al. (8).
The statistical evaluation revealed significant age-related
differences in the excretion of free dopamine, noradre-
naline and adrenaline. The noradrenaline excretion in
children under 2 years is significantly (p < 0.001)
higher than that in children of the other ages. Children
under the age of 4 years excrete significantly
(p < 0.001) higher levels of adrenaline than other ages.
With respect to the dopamine excretion, the collective
can be separated iiito three different age groups: new-
bora to 2 years, 3-6 years, and 7-12 years (p < 0.001).
The age-related reference values based on these results
are shown in table 2.
Discussion
The literature shows no general agreement on c ncen-
trati s of free dopamine, noradrenaline and adrenaline
in the urine of healthy children (7-13). This is mainly
because different age classifications are used. Further-
more, no author has tested for significant differences be-
tween catecholamine concentrations in different refer-
ence groups.
Although the comparison is difficult, our results are in
general agreement with values p blished by Rosano (9),
Abeling (12), Premel-Cabic et al. (10) and Muskiet et al.
(11). However they are considerably l wer than the re-
sults reported by Fitzgibbon et al. (8), a fact which the
authors acknowledge in their paper (8). But when we
test for significant differences between the reference
groups, the results obtained surprised us; the new groups
fofmed are not the same for the excretion of free nor->
adrenaline, adrenaline and dopamine.
It is difficult to explain thes.e fmdings. The sympathetic
nervous System is immature at birth, and little Infor-
mation on its development over time exists. The stress
of birth (14) gives rise to an increase in the levels of
noradrenaline and adrenaline. Muskiet et al. (11) fourid
that newborns excrete more normetanephrine and attri-
Tab. l Concentration of free catecholamines in urine of healthy children.
Age
(a)
0- 1
2
3
4
5
6
7
8
9
10
11
12
N
19
20
18
20
20
20
20
18
15
17
19
15
Noradrenaline
(χ ± 2 SD)
mg/kg
creatinine
168 ± 90
69 ±34
77 ±59
55 ±33
35 ±21
51 ± 17
43 ± 8
32 ±28
33 ±21
54 ±54
40 ± 18
45 ±28
μιηοΐ/mol
creatinine
112 ±60
46 ±23
51 +39
37 ±22
23 ± 14
34 ±11
29 ± 5
21 ± 19
22 ± 14
36 ±36
27 ± 12
30 ± 19
Adrenaline
(X ± 2 SD)
mg/kg
creatinine
33 ± 17
39 ±30
30 ±27
38 ±49
20 ± 12
16 ± 10
15 ± 12
9± 5
12 ± 8
15:bl3
9± 5
12 ± 10
Dopamine
μιηοΐ/mol
creatinine
20 ± 10.5
24 ±20
18.5 ± 16.7
23 ± 30
12 ± 7.4
10 ± 6.2
9 ± 7.4
5.6 ± 3.1
7.4 ± 4.94
9 ± 8
6 ± 3.1
7.4 ± 6.2
( X ± 2
mg/kg
SD)
creatinine
1554 ±
1012 ±
647 ±
598 ±
•603 ±
598 ±
392 ±
501 ±
336 ±
405 ±
3?1 ±
4?0±
895
612
497
211
198
263
137
148
62
171
77
171
' μηιρί/ιηοΐ
creatinine
1148 ± 661
748 + 452
478 ± 367
442 ± 156
445 ± 146
442 ± 194
290 ± 109
370 ± 109
248 ± 458
299 ± 126
281 ± 57
310 ± 126
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Tab. 2 Reference values of catecholamines in singie-void urine s mples from children.
Age
(a)
0- 1
2-12
Noradrenaline
(X ± 2 SD)
mg/kg μηιοΐ/mol
creatinine creatinine
168 ±90 112 ±60
52 ±37 34 ± 23
Age
(a)
0- 3
4-12
Adrenaline
(X ± 2 SD)
mg/kg
creatinine
37 ±31
14 ± 10
μπιοΐ/mol
creatinine
22.8 ± 19
8.6 ± 6.2
Age
(a)
0- 2
3- 6
7-12
Dopamine
(X ± 2 SD)
mg/kg
creatinine
1244 ± 751
599 ± 212
408 ± 139
μπιοΐ/mol
creatinine
919 ±555
442 ± 157
302 ± 103
buted this fact to an increased synthesis of noradrenaline
at birth, even though a comparable increase could not
be found for noradrenaline excretion. In an earlier un-
published study on the newborn, we also found no Vari-
ation in catecholamine excretion during the first year of
life. For this reason, we include l month-old and l year-
old babies in the same group. In this case, statistically
significant differences do exist when compared with
those of other ages. Notterman et al. (15) found that
the clearance of dopamine is age-dependent in children.
Smaller children clear dopamine more quickly than
older ones, this effect being more pronounced during the
first months of life. It is possible that these facts could
justify our reference values, although the mechanism
responsible for this has yet to be elucidated.
From these results, we conclude that more Information
is required on the excretion of dopamine, noradrenaline
and adrenaline. This could help in the study of endoge-
nous catecholamines, and in the diagnosis and study of
neuroblastoma in children.
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